surface salinity (SSS), which is affected by tropical evaporation and precipitation balance. 64
Nonetheless, the SST and SSS influence on δ 1 st r-month and 4 th r-month, respectively. The Xisha Islands are far from the continent river runoff 130 can hardly influence on SSS. SSS change from 33.25 to 33.81 ‰, and the change is mainly 131 dominated by rainfall: higher SSS in dry winter and lower SSS in wet summer (Fig. 1e) . 132
The SST data in the North Reef are acquired from NOAA HadISST, a global monthly SST 133 data with a spatial resolution of 1° × 1° (data grid cell of data includes both the North Reef and the 134 
Shell descriptions and sample preparation 137
The 29 cm long fossil Tridacna squamosa A5 was cut from the umbo to the ventral margin 138 along the axis of maximum growth (Fig. 1b) . A 5 mm-thick slice reveals three different zones ( marine-reservoir effect, the conventional radiocarbon age was 3673 ± 28 BP using the 145 Radiocarbon Calibration Program CALIB 7.10 (http://calib.org). Both X-ray diffraction (XRD) 146 and laser Raman spectrometers results were aragonite, no other substances were found. 147
Stable isotopes 148
Stable isotope samples were micromilled perpendicular to the growth layer under the 149 micro-drill automated system (Micro-Drill New Wave Research, Olympus SZ 61) in the Isotope 150
Laboratory of Xi'an Jiaotong University, China. Each sample was performed under 1 mm long, 151 100 μm deep. Four intervals were used according to the growth rates: 100 μm (n = 1 to 268), 150 152 μm (n = 269 to 481), 200 μm (n = 482 to 657), 300 μm (n = 658 to 765) respectively from adult to 153 childhood (Fig. 2) . 154 δ 18 O of Tridacna was analyzed in the Isotope Laboratory of Xi'an Jiaotong University, using 155 the ThermoFinnigan MAT-253 mass spectrometer fitted with a Kiel Carbonate Device IV. All the 156 results were reported in per mil (‰), relative to the Vienna PeeDee Belemnite (VPDB) standard. 157
The international standard TTB 1 were added to the analyses every 10 to 20 samples to check the 158 reproducibility. Duplicate measurements of TTB 1 standards and samples showed a long-term 159 reproducibility (1σ) of less than 0.14 ‰ and 0.05 ‰, respectively. 160
Published data of the modern Tridacna gigas shell YX1 were used to investigate the 161 relationship between Tridacna δ 18 O and local climate (Yan et al., 2013) . YX1 was collected from 162 the Yongxing Island, 120 km ESE of the North Reef (Fig. 1b) (opaque), corresponding to the high temperatures and wet seasons (Fig. 3a) . 188
Annual growth rates can be calculated with the δ 18 O A5 seasonal cycles and interval distance 189 (Fig. 3b) . The results show that growth rates were higher when Tridacna A5 was young, reaching 190 5 mm/yr. The growth then slowed down and stabilized to 1-2 mm/yr after the Tridacna had grown 191 mature. Furthermore, daily increments are obvious under the microscope (Fig. 3b) . In general, 192
Tridacna A5 grew faster in warm seasons and slower in cold seasons (Fig. 3b) In the second approach (based on Eq (1) and (2)), the calculated δ 18 O predicted (by using both 223 actual SST and SSS) were used to compare with δ 18 O YX1 (Table S1 ). The δ 18 O YX1 and δ 18 O predicted 224 profiles have nearly the same mean value (1.15 ‰ and 1.14 ‰, respectively) and indicate a 225 perfect match (r = 0.81, n = 77). This confirms that the local Tridacna precipitates its shell in 226 oxygen isotopic equilibrium. In order to determine whether the SSS variation in different season 227 affect the predicted SST significantly, we use the actual SSS, constant SSS (mean SSS) and (Fig. 4d) , this coincides with the phenomenon that more insolation occurs from the 285 2 nd to 5 th r-month (warm seasons), yet less insolation occurs in the rest of the year. Due to the 286 more samples in Tridacna obtained in the warm seasons, the prolonged high temperature period 287 would be magnified (from the 2 nd to 6 th r-month) (Fig. 4c) . Moreover, compared to the deviation 288 between the total average and r-monthly values, cold seasons have larger deviation and slope. This Overall, the climate in around 3700 years ago had slightly lower seasonality than present, 293 and the switching between cold to warm seasons was more serious. 294 were first compared, which were obtained by subtracting the r-monthly SST with the mean value 301 of each r-monthly. In terms of long-term climatic variation, the SST anomalies are markedly 302 different between the 36-year modern instrument data and the 40-year reconstructed data (Fig. 6a) . 303
Indication of seasonal variation in modern Tridacna
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Climate variation comparison between 3700 years ago and present
The SST anomalies (3700 years ago) have sharper peaks and higher amplitude than in those of the 304 recent years, and the standard deviation in the past is much larger (0.68 °C) than the present 305 (0.42 °C), which suggest a more severe climate condition in the past. However, one has to be 306 aware of the different growth rates and equidistant sampling mode in Tridacna's life when using 307 the r-monthly resolution. For example, Tridacna may have different annual growth rates, hence a 308 r-monthly value may not represent the corresponding actual r-monthly value under equidistant 309 sampling mode. In this respect, the r-annual SST anomalies are estimated (Fig. 6b) . The SD of 310 modern observation is 0.30 °C, and the SD of reconstructed SST anomalies is 0.41 °C. This 311
illustrates that the ratios of the modern to the past in r-monthly resolution or r-annual resolution 312 are almost the same (0.65 and 0.73, respectively), thus the SD of r-monthly SST anomalies of 313 Tridacna is likely reliable. As a result, there was probably an enhanced climate variability 3700 314 years ago. 315
ENSO activity recorded by Tridacna δ

O
316
ENSO is the strongest signal in global interannual climate variation, and understanding its 317 mechanism is important to unravel the past climate change and forecast in the future one. To acquire more precise ENSO reconstructions, modern observation data were analyzed. The 332 SST of Ninõ 1 + 2 region was chosen due to the distinct seasonal variation as the same as the 333 study area, and the SST anomaly series were calculated by subtracting the r-monthly mean values 334 (seven points/yr). The spectral analyses were performed to test periodicity among all SST 335 anomalies (Fig. 7) , which indicate spectral peak of three to seven years. According to the SST 336 series, the North Reef SST have a 3-month time lag behind the Ninõ 1 + 2 SST (Fig. 8a) , and thus 337 we bring 3-month forward to eliminate the lag. To reconstruct the occurrence of ENSO-type in the 338 North Reef, 3-7 years bandpass filtering was performed on the SST anomalies, which yielded a 339 tendency of the North Reef ENSO activity mostly consistent with the Ninõ 1 + 2 SST anomalies 340 (Fig. 8c) . We calculated a threshold value under 1σ SST anomalies for moderate El Ninõ/La Niña 341 events. A total of seven El Ninõ and ten La Niña events occurred in the past 36 years. In other 342 words, El Ninõ/La Niña events occurred successively in a 5.14-year frequency in the North Reef. 343
Spectral analysis revealed that δ 18 O A5 anomalies also have a 3-7 years period (Fig. 7c) Reef SST A5 anomalies (Fig. 9b) anomalies, six El Ninõ and five La Niña events were estimated to occur in 40 years with 1σ SST A5 348 anomalies threshold (Fig. 9c) 
